A comparison of 16 gram-negative moderately halophilic aerobic rod-shaped bacteria with other halophilic and nonhalophilic gram-negative bacteria supported the establishment of Volcaniella eurihalina gen. nov., sp. nov. This comparison included phenotypic properties, salt requirements, and guanine-plus-cytosine contents of the DNAs, as well as DNA-DNA homology studies. The distinguishing features of this new bacterial genus are as follows: the organisms are nonmotile short rods that are oxidase negative; they are aerobic with a strictly respiratory type of metabolism; they are moderate halophiles, optimal growth occurs at a total salt concentration of 7.5% (wthol), and they exhibit a strongly euryhaline character; and they have a specific requirement for Na+ ions (sodium can be supplied as NaCl, Na,S04, or NaBr). The minimum NaCl concentration required is 1.5% (wtlvol). The guanine-plus-cytosine content of the DNA is 59.1 to 65.7 mol%. This organism was isolated from hypersaline habitats, including saline soils and salt ponds, and from seawater. The type strain is strain F9-6 (= ATCC 49336).
Kushner and Kamekura (13) defined moderate halophiles as those microorganisms that grow optimally at NaCl concentrations between 0.5 and 2.5 M. These bacteria have a specific requirement for Naf ions, which cannot be replaced by other cations or nonionizable solutes. In hypersaline habitats both heterotrophic and phototrophic moderately halophilic eubacteria have been found. The first group is constituted by a large variety of bacteria, including grampositive and gram-negative species (30). The gram-negative aerobic or facultatively anaerobic heterotrophic rods-shaped bacteria seem to be the most abundant type in natural hypersaline habitats. The following species have been validly published previously: Vibrio costicola (8), Chromohalobacter marismortui (31), Deleya halophila (23), Halomonas elongata (32), and Halomonas halmophila (7).
However, there are moderately halophilic gram-negative microorganisms that have been isolated from hypersaline habitats and cannot be included in the species described above. In 1987 Quesada et al. (21) described a group of oxidase-negative nonmotile moderately halophilic strains which had phenotypic characteristics similar to those of members of the genus Acinetobacter (12). However, these organisms differed from the only species described up to that time in this genus, Acinetobacter calcoaceticus, by some characteristics which prompted us to think that our strains could constitute a separate taxonomic entity.
The purpose of this study was to examine 16 of those moderately halophilic strains more extensively. On the basis of our results, we propose to name these organisms Volcaniella eurihalina gen. nov., sp. nov.
MATERIALS AND METHODS
Bacterial strains. The methods used for isolation and further selection of the 16 moderately halophilic nonmotile strains which we studied and some of the environmental parameters associated with the sampling sites have been described previously (20, 22) . The sources of the strains used in this study were as follows: 14 strains were isolated from * Corresponding author. saline soils located near Alicante, Spain; 1 strain was isolated from the Mediterranean Sea by the Alicante Coast in Spain; and 1 strain was isolated from the Laguna of Tevenquiche in Salar of Atacama, Chile.
Reference strains. The following gram-negative bacteria, including nonhalophilic and halophilic microorganisms, were used as reference strains: Acinetobacter calcoaceticus CCM 5581, Alcaligenes faecalis CCM 1052= (T = type strain), Alteromonas luteoviolacea ATCC 33492=, Chromohalobacter marismortui ATCC 17056T, Deleya aesta NCMB 1980T, Deleya cupida NCMB 1978=, Deleya halophila CCM 3662T, Deleya marina ATCC 25374T, Deleya pacijica NCMB 1977T, Deleya venusta NCMB 1979T, Flavobacterium meningosepticum CCM 2719T, Halomonas elongata ATCC 33 173=, Halomonas halrnophila CCM 2833=, "Pseudomonas halosaccharolytica" CCM 2851, Pseudomonas putida CCM 1977T, Vibrio alginolyticus CECT 521T, Vibrio costicola NCMB 701T, and Vibrio natriegens CECT 526=. (Names in quotation marks indicate that the names were not included in the Approved Lists of Bacterial Names, nor have they been included in the supplements to the Approved Lists u7, 261.)
Maintenance media. Halophilic strains (marine or moderately halophilic bacteria) were maintained on agar slants of MH medium (22) containing (per liter) 10 g of yeast extract (Difco, Laboratories, Detroit, Mich.), 5 g of Proteose Peptone no. 3 (Difco), 1 g of glucose, and 20 g of Bacto-Agar (Difco); this medium was supplemented with a balanced mixture of sea salts (24) to give a final salt concentration of 3 or 7.5% (wthol). The salt solutions containing this sea salt mixture are referred to below as total salts; a 10% solution contained 7.86% (wthol) NaC1, 0.66% (wtlvol) MgCl,, 0.96% (wthol) MgS04, 0.0036% (wtlvol) CaCl,, 0.2% (wt/ vol) KC1, 0.006% (wthol) NaHCO,, and 0.023% (wthol) NaBr. The pH was adjusted to 7.2 with 1 N NaOH. Nonhalophilic strains were grown on Trypticase soy agar (Difco). Cultures were incubated at 32°C for 24 h and then stored at 15°C.
Phenotypic characterization. To complete our previous phenotypic characterization of the strains (21), several additional features were studied; strain was chosen as a Mid-log-phase cultures (20 h) and old cultures (3 days) grown on solid MH medium supplemented with 7.5% (wt/ vol) total salts were observed in order to describe colonial morphology and pigmentation; the type of growth was also observed in liquid cultures.
The growth rates of strain F9-6T at different salt concentrations were determined by using MH medium. The following total salt concentrations were tested: 0.5, 2.5, 5 , 7.5, 10, 15,20, and 25% (wt/vol) . Inocula (0.1 ml; ca. lo5 cells per ml) from an appropriate dilution of an 18-h culture of strain F9-ST grown in MH medium containing 7.5% (wthol) total salts were added to 250-ml Erlenmeyer flasks containing SO-ml portions of the different salt concentrations listed above. The cultures were then incubated in a rotatory shaker. Viable counts were determined by measuring plate counts, using the method of Milles and Misra (16) and MH medium. Five replicate drops (0.03 ml) were used for each dilution, which was made at the appropriate salt concentration. These experiments were performed in triplicate at 22"C, 32°C (optimal temperature), and 42°C. All of the reference strains were investigated by using the same phenotypic tests used previously for the new isolates (21). In these tests we used media containing salt solutions that were adequate for optimal growth.
Numerical taxonomy. Differential features were used for a numerical analysis. Positive and negative results were coded as 1 and 0, respectively. Incomplete, missing, or intermediate susceptibility data were coded as 9. Levels of strain similarity were estimated by using the simple matching coefficient (29), and cluster analysis was carried out by using the unweighted pair group method of association (28). The test error was evaluated by examining five strains in duplicate. A cophenetic value was also estimated (27). Computations were made with an Eclipse model MV/10000 computer by using the MINT program (25) at the Computer Centre, University of Granada, Granada, Spain.
DNA base composition. Exponential-phase cells of some representative strains were ruptured, and the DNAs were purified by using the method of Marmur (14) . The guanineplus-cytosine (G+C) content of each DNA was determined from the midpoint of the thermal denaturation profile (T,) (15) obtained with a model UV-Vis 551s spectrophotometer (The Perkin-Elmer Corp., Norwalk, Conn.) at 260 nm; this instrument was programmed for temperature increases of l.O"C/min. The T, was determined by the graphic method described by Ferragut and Leclerc (6) , and the G+C content was calculated from this temperature by using 0.1 x SSC (1 x SSC is 0.15 M NaCl plus 0.015 M sodium citrate). The T, of reference DNA from Escherichia coli NCTC 9001 was 74.4"C in 0 . 1~ SSC (19).
Preparation of labeled DNA. DNA was labeled by using the multiprime system, a commercial kit (kit RPN 1601Y; Am- ersham International, Amersham, England), and [1',2',5-3H]dCTP (Amersham). The average specific activity obtained with this procedure was 8.4 x lo6 cpm/pg of DNA. The labeled DNA was denatured before hybridization by being heated at 100°C for 5 min and then placed on ice. DNA homology experiments. DNA homology studies were performed by using the competition procedure of the membrane method described by Johnson (11) . Competitor DNAs were sonicated (Braun Melsungen, Melsungen, Federal Republic of Germany) at 50 W for two 1 5 s bursts. Membrane filters (type HAHY; Millipore Corp., Bedford, Mass.) containing reference DNA (ca. 25 pg/cm2) were placed in 5-ml screw-cap vials which contained the labeled, sheared, denatured DNA and the denatured, sheared competitor DNA. The ratio of the concentration of competitor DNA to the concentration of labeled DNA was at least 150:l. The final volume was adjusted to 140 pl, and the reaction mixture contained final concentrations of 2X SSC and 30% formamide solution. The hybridization temperature ranged between 56 and 58"C, which is below the upper limit permitted for the validity of the filter method (5). The vials were shaken slightly for 18 h in a water bath (Grant Instruments, Cambridge, England); these procedures were done in triplicate. After hybridization the filters were washed in 2X SSC at the optimal renaturation temperature. The radioactivity bound to the filters was measured with a liquid scintillation counter (Beckman Instruments, Inc., Palo Alto, Calif.), and the percentage of homology was calculated by using the method of Johnson (11) . At least two independent determinations were performed for each experiment; the results reported below are the mean values. Figure 1 shows the results of the numerical analysis. At a similarity level of SO%, the 16 moderately halophilic strains grouped in a single phenon. The cophenetic value was 0.93424, and the estimated test error was less than 2%. None of the reference strains clustered with our isolates, which is in agreement with the numerous differences in the phenotypic characteristics of these organisms.
RESULTS
All of the strains were gram-negative, oxidase-negative, nonmotile rods with poly-P-hydroxybutyrate inclusions, formed catalase, and had a respiratory type of metabolism.
All cultures grew at total salt concentrations between 5 and 20% (wthol), at pH 5 to 10, and at 15, 25, 32, 37, prim (1.25 pg). All of them were resistant to ampicillin (100 pg), clindamycin (2 IU), penicillin G (10 IU), streptomycin (10 pg), and tetracycline (30 pg).
Other characteristics of the strains are summarized in Table 1 .
The cellular morphology of strain F9-fjT grown in MH medium containing 7.5% (wthol) total salts is shown in Fig.  2 and 3 . The cells were short, straight, capsulated rods (2.0 to 2.5 by 0.8 to 1.0 pm) which did not produce endospores or sheaths. The cells occurred singly, in pairs, and sometimes in short chains. A number of longer forms and filaments were also produced (Fig. 3) . Neither salt concentration, incubation time, nor temperature influenced cellular length and shape. The strains developed slightly opaque, cream, smooth, circular, entire colonies on MH medium containing 7.5% (wthol) total salts. They were remarkably mucoid after 3 to 5 days of incubation. In liquid cultures they produced homogeneous turbidity.
The results of growth measurements of strain F9-6T at different salt concentrations are shown in Fig. 4 . This microorganism exhibited optimal growth at a total salt concentration of 7.5% (wthol) when it was incubated at 32°C (p = 0.77 h-'); lower or higher salt concentrations resulted in decreases in the growth rate although the organism could grow at total salt concentrations between 2.5 and 25% (wthol). However, when strain F9-tjT was incubated at temperatures lower or higher than the optimal temperature, the results obtained were different. At 22"C, this organism exhibited optimal growth at a total salt concentration of 5% (wt/vol) and could grow at total salt concentrations ranging from 2.5 to 25% (wtlvol). When it was incubated at 42"C, it exhibited its highest growth rate at a total salt concentration of 15% (wthol) and could grow at total salt concentrations between 5 and 15% (wdvol).
Strain F9-6T had a specific requirement for Na+ cations, and salts of K + , Mg2+, Li+, or NH4+ did not support growth. Its minimum NaCl requirement was 1.5% (wthol). C1-anions could be replaced by SO,2-or Br-but not by NO,-or S2032-(M. J. Valderrama, V. Bejar, E. Quesada, and A. Ramos-Cormenzana, unpublished data) . Table 2 shows the DNA base compositions of and the results of DNA-DNA homology experiments carried out with five representative strains. The G+C contents ranged from 59.1 to 65.7 mol%. The levels of similarity between DNAs from labeled strains F9-6= and F2-12 and DNAs from the other isolates ranged from 72 to 88%. Low levels of relatedness between labeled DNA from type strain F9-6, and DNAs from the reference strains used for comparison were observed (Table 3) .
DISCUSSION
In a previous work we described two new groups of nonmotile moderate halophiles on the basis of a numerical analysis of the results of 147 phenotypic tests and the G+C contents of representative strains (21). One of these groups was composed of 22 oxidase-negative strains which were tentatively assigned to the genus Acinetobacter. However, these strains exhibited many differences when they were compared with the only species included at that time in this genus, Acinetobacter calcoaceticus (12). Since then, the following five new Acinetobacter species have been described: Acinetobacter baumannii, Acinetobacter haemoly ticus, Acinetobacter johnsonii, Acinetobacter junii, and Acinetobacter lwofii (2). These organisms have G+C contents that range from 40 to 46 mol%. The strains which we used in this study have higher G+C contents (between 59.1 and 65.7 mol%). In addition, there are some other phenotypic differences between these Acinetobacter species and our strains, including salt requirement, nitrate reduction, H2S production, and utilization of different sources of carbon, nitrogen, and energy. Table 2 shows the results obtained in the DNA-DNA homology experiments carried out with five strains chosen as representatives of the group. The representatives which we used constitute a very homogeneous group, since the levels of homology between them ranged from 72 to 88%. However, the levels of DNA relatedness to other gramnegative bacteria, including nonhalophilic and halophilic species, were very low, ranging from 0 to 22% (Table 3) . Our strains showed higher levels of DNA homology with some halophilic species than with Acinetobacter calcoaceticus.
The strains which we studied can be easily differentiated from related genera and other gram-negative bacteria, such as Pseudomonas, Deleya, Alteromonas, Halomonas, or Chromohalobacter species, by a great number of important phenotypic markers (e.g., morphology, motility, oxidase test, ability to produce acid from glucose and other carbohydrates, and ability to grow on different substrates as sole sources of carbon, nitrogen, and energy).
Very recently, a new species of halophilic bacteria, Mesophilobacter marinus, was described by Nishimura et al. (18) . This taxon, which includes aerobic, mesophilic, nonmotile rods, is not related to our strains because of different G+C contents (44.0 to 46.9 mol%) and because of the results of the following tests: oxidase, acid production from carbohydrates, indole, methyl red, and H,S production.
On the basis of the genotypic and phenotypic characteristics of the strains which we studied, we propose that they should be included in a new genus, Volcaniella, with the single species Volcaniella eurihalina sp. nov. Useful characteristics for distinguishing Volcaniella eurihalina from other aerobic, gram-negative , moderately halophilic rodshaped bacteria are shown in Table 4 .
Description of Volcaniella gen. nov. Volcaniella (Volxa. niel'la. M. L. fem. n. Volcaniella, named for B. ElazariVolcani, the microbiologist who first described halophilic microorganisms from the Dead Sea). Cells are capsulated short straight rods that are 0.8 to 1.0 pm in diameter and 2.0 to 2.5 pm long. They commonly occur singly or in pairs. Nonmotile. Gram-negative. The cells accumulate poly-phydroxybutyrate as an intracellular reserve product. They do not form endospores or sheaths. They have a respiratory type of metabolism with oxygen as the terminal acceptor. They are moderate halophiles that are capable of growth at salt concentrations between 5 and 20% (wthol). Optimal growth occurs at a salt concentration of 7.5% (wthol). Chemoorganotrophs. All strains grow well at pH 5 to 10 and at 15 to 45°C. Oxidase negative and catalase positive.
Isolated from hypersaline habitats (soils, salt ponds) and from seawater. The G+C content of the DNA is 59.1 to 65.7 mol% (T, method).
The type species is Volcaniella eurihalina. Description of Volcaniella eurihalina sp. nov. Volcaniella eurihalina (eu.ri.ha.li'na. Gr. adj. euris, wide, broad; Gr. adj. halinos, salted; M. L. adj. eurihalina, growing in the presence of a wide range of salt concentrations). The characteristics are as described above for the genus. Colonies on MH medium containing 7.5% (wthol) salts are circular, convex, smooth, slightly opaque, and cream with entire margins. They are 2 to 3 mm in diameter after 20 h and 4 to 5 mm in diameter and remarkably mucoid after 72 h at 32°C. In liquid cultures they grow uniformly. The type strain shows a specific requirement for Na+ cations; sodium can be supplied as NaC1, Na2S0,, or NaBr. All strains are capable of growth on KCN and reduce nitrate to nitrite but not to gas. They hydrolyze tyrosine, gelatin, and urea, grow on MacConkey agar or cetrimide agar, and reduce selenite. No strain produces acid from carbohydrates, forms pyocyanine (or fluoresces) or indole, is methyl red or Voges-Prokauer positive, hydrolyzes starch, casein, blood, or lecithovitellin, or oxidizes gluconate. Strains are not capable of respiration on nitrate, nitrite, or fumarate. All strains are susceptible to chloramphenicol (30 pg), colistin (50 pg), nalidixic acid (30 pg), polymyxin B (300 IU), rifampin (5 pg), sulfonamide (200 pg), and sulfonamide (23.75 pg)-trimethoprim (1.25 pg), and all strains are resistant to ampicillin (100 pg), clindamycin (2 IU), penicillin G (10 IU), streptomycin (10 pg), and tetracycline (30 pg).
Most of the strains utilize a great diversity of organic Eighty percent or more of the strains give positive results for the following tests: H,S and phosphatase production, Tween 20 hydrolysis, esculin hydrolysis, and growth at a total salt concentration of 3% (wt/vol).
Eighty percent or more of the strains give negative results for the following tests: phenylalanine deaminase and susceptibility to amikacin (30 pg), carbenicillin (100 pg), cephalothin (30 pg), and gentamicin (10 IU).
The strains were isolated from hypersaline habitats (soils, salt ponds) and from seawater and have DNA G+C contents ranging from 59.1 to 65.7 mol% (T, method).
The type strain is strain F9-6 (= ATCC 49336), which has a DNA G+C content of 65.7 mol% (T, method). This strain has all of the characteristics described above for the type species, including those for which 80% or more of strains are positive or negative. It was isolated from hypersaline soil located near Alicante in southern Spain.
